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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a 
magnetic thin-film memory element and a 
magnetic thin- film memory whose structure is 
simple, whose resistance and power loss are low, t 
and whose capacity can be increased by 
providing a part with a different coercive force 
between magnetic layers and tunnel effect. 
SOLUTION: A first magnetic layer 1 and a 
second magnetic layer 2 with parallel axes of 
easy magnetization are laminated while holding 
an insulation layer 3 in-between and are 
connected to a read line 5. The coercive force 
of the second magnetic layer 2 is larger than 
that of the first magnetic layer 1 and there is a 
part for obtaining tunnel effect between the first 
magnetic layer 1 and the second magnetic layer 
2. 
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[#fF§8*©ISH] 

[19*81] »*HSt*A/-e«Haft£. &it®%m 
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^t. *&»ji©*m£UT^^>i«7-f 

'Jo 

[0001] 

[0 0 0 2] 

[&*©&*] mz. mw&mmwizmmztiT^tt 30 

fffEtt^t'JtLTH 77'^aEEPROM^A- 

[0 0 0 3] *fl^tt*^U©*»fl:K:*ri»fc 
S«ibT, (GMR) zmmistcM 
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[0 0 0 43 ±fgE*a«Sln?illl£fiJffl Ufc^FJffEtt 

»iSa**fiJffl U >J t ITU, StHB*£ 
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[0 0 0 5] .[^K>A , Jl'7*Sl:OHT] il^S8#S;S0 

o. e>fBt7U-©a{t*ifti**ra-*isi©«*tJS2* 
i6j©»#i?sstffl*«a!ftstv»5«ptt*«--r*. mz. 

H. Phys. Rev. B, 43. 1297 (1991) (Ctt. EBttJf N i F e / 
HHBttJI C u N i F e /K3£fiBl?fe * FeMnS 

mm l fc«tt»i«©«*«w anTir>4. 3 ©att»na k 
*Hvrtt, s&attJf cRSL-fcattJi (tr>Ji) ©a 

{b7j fa«N iFe/FeMn ^aT©S^S7jtt(C «fc 0 

i^$n, ^©wsji (7'j-i) ©«ft*iaittaa 

*. «oT, n35«»*Sn>lT7U-JB©«{b3EflSl«fW 

s«*.fttf, 2o©att«©a<b*tfi]^iwi-*(fi]x«ja 

[0 0 0 6] Jl©Xfcr>AJW7*IR*fiJfflL.fcmtt»l8^ 
t'JifiLT, USP-5. 343. 422(I^^nfc fc©#*D <b 

roj > rij s, 2o©attS©m-fb7ji^^|H)-^ 

»»t*jg«[tt©iiji«r*m-rsii:K«to. ttii$n 

»K;mtSfitt«©£»fcl**ai-riRfc, «Bi*8t>HE 
0. n©fl.«n8fffc:J;D, »*&**iTV»fc1llf* (7U 

[0 0 0 7] [&*7x>JS!CC>Vvc] Jpn. J. Appl. Phy 
s. 33 (1994)L1668(C«, CoP t fr<E> fcZ&MJ] ©iS!^ 
eittttfl (A- HI) tNiFeCo*»6ia*ftBill 

(7 7M) t*tffilCut^l/T*il/ftll»7i 

'jai©att»«i©«i*»*snTi»*. zom&nm-c 

it. A- KItV7 HJi©»{b*lflI*«ra— *l«fl©«&i 

[0008] c©«ttsm£?afflb&«tt»R;*^u* 

ftUT, Jpn. J. Appl. Phys. Part2. 34 (1994) L415(C^$ 

nfct>©jjj«6nTt»s. cowtii/^'Jift 
[0009] cur, ^©mttjiBt^t'jjR^KWWs 

4 Jc*UfcWilWffi©«SCH**BaixT»wr*. 
[0 0 10] B1-2H ^©attWBI^^'J*^. 1* 
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V7'H <««■»> 4 1tA-FI 42*6 

ft*, x, i ofi^.a«a**Kfes#a»*ii*»T* 

^CD^|6](C. 77 M4 1 &Zt/\— KB 4 2 tl 
*. -5-UT. A- K§4 2©2^©fiS{b*(6jt, 2fitW 

r o j , r i j ^fijosren-s 

012 (a) CD*^r, KB#atlHl D ©ft«»# 1 0 a 

-tote*. hlB4 I©«fl;*i6ltt4 l a, A 
-KB4 2<0«ft*[6ltt4 2 al;40, (b)©«£, 10 

14 1 K>fiaft;7j[6]«4 1 b. A- KB 4 2fflHt^lP)IJ 
4 2b(Cft*. ffi. V7M41C 

[00 11] B13I1 B12 (a) \Z*LfzK9$m\Bl 

Bt*UiT«^tttH 1 3 (a) Ic^LitckpftK 
P$9HaD<BPU (V7 KB4 1 ©«{fc*|6l/£»t*««fl:-r 20 
*a^3£«) MWlOai, (b) fC^L7iJ:3ft 
S#ftlHlO©lll^gPBS^l 0 b#, Z<DMT\ M&mm 

m-t. coir, ftttWK^^'j*^ tss«-r*tt*aL 

[0 0 12] SB#tf-(HlDOl§t^g|5m^l 0 a 

SiDX-fcJS-g-lCtt, V7M4 1ffllfk*|B]4 1at, 
A— KB 4 2©8Mfc#|S]4 2 a**|S|-7j(fi]lCftO, Btff" 

0o©pv»n«aa[in o a£in*.;fc:*£fc:M:. 77 hb 

4 KD^b7j[«I4 1 bt, A-HI4 2<DmfcJ3fii4 2 30 

atmjjfaiztezfttb. z<Dft®Mft<Dmt\z&K>. m 

© ffi ©«£E V j5« »Tf * . 
[0 0 13] 01411 08 (b) t*bft«ftt0Dt!) 

[0 0 14] (a) tC*Ufc«fc5ftR«rW-IlI»5 

©pUftBMBm 0 aSJPAfc«#{Ctt, V 7 KB 4 1 
©«'ft7jr&]4 1 a i, A-H14 2 0BOl»]4 2bAi 40 
igTjfalCftD, (b) C^bfc±aa:«ftt@»)Ol^ 
1 0 a SS0Afc«^fC«, 77H4 1 (DMitl: 
|Sl4 1bt. A— KB4 2 0^b73|B]4 2 b^ISI— 7j[r1 

«Enva*±#-r*. 

[0 0 15] ±jzEcdJ;5IC. 1 0 £ fifth.*® 

*ftgBa^£^ffc£-t±fc*£> A- KB 4 2©«{b:#ia] 50 
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V<DS«M&*fttB'rs;:iK:<fc?), A-Kl4 2 0ift* 
[0016] 

sws^s^fcsftattttJSii^yjrptt, bjsio 

-2 0 0A©#*K»^BttJi*. CuftfOiitt* 

[0017] x. a#©«tt»«* ; £'jTtt. y^eu* 
h u v ? xmzmm^n, &&.\zm%\z\\zw.x* 
* u m^mx-m vmz * k> mmizmmz tus. c © 

[0 0 18] *^BJtt> 
^Tjf«$nfct>OT'feoT, *ifia»*Wfc 3 Mfll&* 
6ft 0, {£lgtn;TA r 7-DX*^>ft<, *3g*{fca«J1i! 

ft«tt*«i/ ^ u * u a 

[0 0 19] 

[««£#»TSifc«>©*»] #56«K:***«tt:*W 

A«^ffftSll«ttB&^fiS2«ttB*#U, 12?g2att 
B©{Sa7jtt, *m ?>:*:*<» ttfB 

i sttii'^ 2ittitoinn?, h >*)mmmz 

[0020] x, *»wic****tt«R* i eu*^ 
±i3asi«ttBR^«2«tt«tc»E*nfctt«jia) 

[0 0 2 1] X, 4:K9!fi:^«tttt]igt>%UJR? 
tt, ±1Bm«tt»&tf8 2«tt«K:i*3mfclfil*B© 

[0022] x, *&w\zfrfrz>m&mm* : t , )m : ? 

tt. ±E»i«ttB»t)fje2«ttBk:»E*nfcil6*BO 

[0023] x, *mmizfrfrzm&mm* : tvfc* ± 
ib urn* ©ittii/tu^w, v h u v ? x tc 

mmm&mmmTtf* mm\zmm^ntz^mvmt, 

b*fc ¥ff ft* Ifil i:ffilBft*rfilK»**f Sr^> b 

•s^co-eab*. 

[0 0 2 4] 
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[0 0 2 5] X. h>*;i^*fc«fcoT*fi*Jl**tta 

tttttt. *a»«oHiik:Sia«i:*r6itc*n*OT, fiStt 

[0 0 2 6] X, UT, ^<7 ; t>h*7 

[0 0 2 7] X. #fSWfc*V&*S«tt»l»W ; &'J* : 3 !: & 

[0028] x. ^wuc^sattWBi^^'j*^* 

ffl U ±ntf. *?0sHfc0*/h3 < , 

[0 0 2 9] 20 

tU ±BB!l«ttJii»2«ttJilB|K:an*«»h> 

T^-Sfc*. ±f5^1SSft^t^2^tt)lF B T(C^n^) h 30 

ft]?t5:td«ae.nTl-»5 (J. Magn. Mag 
n. Mater. 98 (1 9 9 1) L7-L9) . 

[0030] x. ±mm&b>*v>ifMtzm j p* 

*. ^nH±lit^2^tt^o^k#aifttt¥fi : T, as 
«*MSEra^ttcj;o. iiitti©*, xbiii 40 

[0 0 3 1 ] fLT, ±ie««h>^U>^*fC<fc»3 

K*&«trijwa<&0. (180° a^ifij) ©t 

SC*<S:5. fcT, ftgBmiF-tCcfcOSglGBttlg©^ 
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[0032] 8 i <&£t*pv>tt* 

$V>**««k<. L<«5 0 [OelfiTF. ckD$?£L< 
ttl 0 [0e]£rFT?<&-5. C^T^e^WSEffl^ 5 0 [Oe] 
£TF£L;fc©tt, 5 0 [Oe] J;9**lr»£«fl:#6lSaS*. 

&», at^ * u taws ufc t * tzxm+; <i xw 

* Cifc J: 9 W£©*S3KR£-r4 

JiJPte, 5~ 1 0 0nml?*Sit^jf?* 5nm<t0 

o»it<ft^6f»5. x, »i*ttS©*miL 

Ttt, Fe, NiFe, N i FeCof SlUS^tAS 
[0 0 3 3] SIS2fis1£JI®fiHKfttt. llStl 

9**<-r*&ga«»9, i, < « 5 o to 

e]fit±, .tOiifSKttl 0 0 [Oe]£l±'V&<&. ££T? 
««*OttH*5 0 [Oe]£A±tbfc©tt. 5 0 [Oe] «fc 0 

W. SB2«ttB©««*o**afe. SBi«ttiJii:|S]« 

**sfc«jrr*£ia«-c*. eiPtco^xttv 5~i 

0 0nm-C*-5CtJ&W*b^. X, fg 2 fi8t£JlCD*m<!: 
ITtt, Co, CoFe, CoPt. MnSb^ffiV) 

[0034] ±iemi^ttSt^2mtt)i©«m^©M 

IJ2 0 [0e] BUtt&ET?. if£KB5 0 [OelCU:. «fc 
9$?£b<ttl 0 0 [0e]£A±T<&5. ''tfffifiS^©^ 
$20 [Oe] BUti L-fc©tt, 2 0 [0e] cfc 0 

lfij^S«YbS-&*fc«>K:JiPA«^««lf©l l r«S»ilB 

gXIMBffl tf/h S < fc * & T » * . 
[0 0 3 5] X, ±B««h>*U>y»**#*fc» 

Onm, J;9*t?£L<«l~l 0nm©fSfflT££. 
T, ffiigUf ©JU?©tBH£ 1 ~2 Onmt LfccDtt, Inn 
«k 0 *^ t bT - )Vifi& <fc<0 m—fS.-R'rZ' > * W 
U7*«»l«ani*. 2 0nm«t0J»^t V 

sn*a«, dlc, xtt# | j^7+>'Uu>SfflWu 
[0 0 3 6] [*5B9ilc*»*»*attJIHI^ ; EU*^o» 
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[oo37] sin zcDM&mmttvm^iz, mm 
zw%2<tsm-&zm-r. mm\z*{stz£?iz. z<dm& 
mmt^vm^-te, ^i3^itfsi^nt»i« 

9, #£5£#Jg 1 0 £9Sttl-5 
mmz£r>¥££.^fzftffiMR(Ojjft>\lZ. ftlMtemiR 

mit^faiz, 2{&<d roj . r i j ##joST£tt3. 

[0 0 3 8] 01 (a) Oi§^ ##&^iSil O&tfttl 

^(D®im> SlUtllffliftMlila, ?g2®f±Jl 
2 0*1^[6]«2 afC/iO, (b) B#st[HlD(0 

ftffiM&i o b#5g£u ^(75«g^. mimttiii©m 

<b#fa«lb, !g2ffl4JI2(£>fi8{b:£fara:2 bK&*. 
ft, S^jA^.cD«^-«. IlBttl 1 t£W-Ct£<m2ffi. 
f±« 2 <A^b;Sfa£^A*<7MC+#&&SCDftm?il£ 

[0 0 3 9] 02H 01 (a) IZtk LfcMNftf-lHl 0 © 
^SB^l 0 aT^&Stlfclffg^ ^ttJ-r^^^ 

^r. a*, m^mm^^um^zm^^ntz^m 

MfrthTm&iZfem2 (a) tC^Lfccfc^^cSPtH- 

R&m naswioat, (b) izTKLrzkotzmst 
u^iciax.e.n^j;5 izm^&^-mi o\zm.m&ffi. 

[0 0 4 0] :;t, SB#fHHl0©li^^a^ 1 0 a 
Ztoz.tzm-£\ziZ, 81 H&ttlf 1 ©SHb^fa 1 at. 
2mm2<»m\Ll5\p\2 a^lHl-^ftK&D, PSfHHlO 
CD^t^iM^ 1 0 a £Da*.fc#^Ctt, m 1 B&ttJl 1 
(DMitJjfa 1 b <t, ^2 mttH 2 ©«8{b#fa 2 a ^jS^r 

ftizte ztztb, z.v>9\-%i>mR<»mt\z£.K>, m&nwk* 
^ u m^omtim-x. igg^e&jgsu^bT*. w 

^fflO«)EEV^|i$T-r-g). 

[0 0 4 1 ] 03 01 (b) iZTKLtzmnmKKDft 
®mftl 0 bT*#^jA*nfc«$gSr. t^ffiT*££jf: 
T. 

[0 0 4 2] d^T, KB#tf-[510CDii^^a#l 0 a 
£2)D*.*:J§£Kte, ^llttllWift^lat, SB 
2 mf±« 2 2 b«£frf;i&D> B$fHHl0(D 

mw&mR i o a S:irax.fc«^(c«. -m l BBttlf l CD 

llt^lSllbt, m2att«2(7)^t;^l6]2 b^ffl-* 

fa(;:&*fe«>, dcDfl.g|5m#cD^bt;:J;D. BSttPSiR* 
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[0 0 4 3] ±a!Wi3H. »£&#-igll 0£8im*© 
ii5t£^b2-t**(c<fct9, mttiSK^UiSi^KJa^'E.n 
*^gB6B#£^b£-tt;tiI&, Sg2fiBttJf 2CDfiB{b#ft 

tcj;o> m&nm* : zvm r ?-<D\tii}mv>n.i£v<D®.m\z 
n&#£i;*. 

[0044] K^m&zMQik-otztziz, mim 
io &m<Dmit%fatm2M&m(DMitiiftt)mtez>®£ 
^imtt®w^b*f6]«, mi&m&QfemtKD 
±fz^m2m&m(DMitJ3i(>]tm--<D-%fa\zm2>. 

A° 7 - £ /h £ < 1" * Z\ t tiPV * £ o 
[0.0 4 5] 04 (a) tt. fi6K*Hltttl:. S 

W£/W*««fc^-5) (b) , (c) fi. (a) 
20 fc:*L&S±/i;^««S»Ufct*©«tt»Bt^*'J 
^CDffi##|C9^0EVCD^»j£:*T. ''T, PI0CD 
(a) tC7Kbfe«fcp^> *€?ji*«IS;diEnstt8g^+{W 

n*naH»»***{b-r*. 0*0, 02, 

3 K^L£KR#ifl§l9c9ig#a<3££U 0 
2, 3fcwbfcEI5tt@0©«#a*58£-r*. *LT, 

»2«ttBO«to&rtHc*:i;T, (b) fcjRU&J:3fc 
±#-f**\ Xtt (c) {C^Lfc=fc5l;:prF-r*.> fto 

«8U£*u zrot&izm&mmt^'jmTomtjMii 

[0 0 4 6] X, «#B*S?*ttiTt#tC. 04 (d) \Z 

*vtz&?u+m<Dmffitzvz8iiVT : bm2ffi.&m<nM 

\tJ3$\*WM-?Z> ZL tSIS^^*- 
^>m^ (0 2, 3KSbfcS^»EI0©«») fc'tt^En 

man*. *lt, cct*t«i/ftt«i:«ttiwi/ 
40 ^E'jss^f-cDtti^fflijiofimvtt, sg2j&ttJi©E8<fb:fripnc 

JEDT, (e) kl*Ufc«t5Kagftb*^, Xtt 
(c) (C^Lfc«fco(C^»T* («T-T*) . fcT, 

#*„ 

[0 0 4 7] dt. «2attH©2O(0«Yt*lRltt, 2« 

cd r 0 j . r 1 j ic«oaT6nTt»*fc«>, m2att 

##ji^(c»j^L-, fB2«ttii<oa{b*i6]©»iatt. a 
50 &mm* : tvm¥fr*><Dm%L<Dmfrtii\sizttfcTz>. 
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[0 0 4 8] [#BWK^*«tt«fflt* : Ein::'3^ 

[0 0 4 9] 0 5 tt, 68&Mil* * U ICSHt* i « 
ft<D¥-mm (a) tf©AA' #rffi0 (b) St 

^ttibsss taw-rase i t»2nti2ii«, 
Ilt^2 2 0 h >*)vm& 

mzl3.Z>. X, »2BttlH2<Z)ft&fttt. UlIKIl 
ro«68;>jJ:D:*:£< bT&S. 
[0 0 5 0] ft, #«iW<B«tt»K*^U*^K:»lrvr 

[0051] x. ±temtt»«M t U m=?<DM<k®$! l m 

[0 0 5 2] @6(1 mtt8HR.**U©¥®ei (a) £ 
tOBB' KrffiBI (b) ftiRU W*&%mi 1. 1 
2, 1 3 £##i^^«|b^2 1 , 2 2, 2 3*«it!fi!-rs 

5. fllAtf. BB' •rBfcjRLfcSM&'Ttt, 
* U * ; P 3 1 , 3 2, 3 3 «*it>Wlfc*tt3n&«»««. 
tt*BJUIt5lC&:«. 
[0 0 5 3] CWi^lC. «tt*«^*U*W7h'J 

imi4S&^2«EttB«, £T*£j&*S8fEt;:«fcOf8 
[0 0 5 4] £ £T, •*j&»lt2:»#i&44lttttO!}]K 

tic* o, ^h'jy^^tticEyijan 
mnmitjjftizftfrvzms. o*o, -boju^w- 



(6) 9-91949 

10 

[0 0 5 5] 07 (a) ICjfcHT, I w 1 f4»*ii*» 

i o ^mn^mz^nm.^v, i wtt*s&*»«i 

«2 0€«n*«*a*«ISl««Et*"r. ^bT, Hw 
i«, wl^C£9§g£bfcffi£&.£.^8^■ 
£^b, Hwlt e^&^ffit&SSfn wK«fc05S£bifc 

•e&JMM i w i i wvmjj&ffi 

[0 0 5 6] 0 7 (b) «, »«a*«»Hwl, S£ 
&*1iit&«5fHw. £jS«»H 1 StffB 2 2 ©« 

20 #H 1 CiOBftSn, ^(DMikfifaB 1 tt, -&fi!c^ 
Hio®'ft;^tt4lc¥fT^4J'©*iB]C^S. ft, * 
#&#-tt:Sit I w 1 C <fc 0*±r*»*ii*«»Hw 1 

fit. £2«teB2©«ifc*»*4K:H«¥fT"r. 

WU SS2«ttB2©«fc$IMMfc:««Siaft©T. ffi 

ft^tfijBia, #€r&*fiB!Miwio£o#£j&*ttas 

I w 1 {C<t0ftS-5. 

[0 0 5 7] 0 8 (a) ri, B7<Dt*a*i»Iwl 
t&<Dj3&UZW%&&nffil w2£«fbT<^-5. fto 
30 T, 3g£T£Si*&*?l#Hw2©:#ftfc0 7©«£& 
*fi8#Hw 1 £iS»©^rl6]lca:2). foT, (b)(C^b 
fci"5K»2«ttJi©«fb*l*lB2*>H7 0«fl:*rtlB 

i ta»©*iflica:*. 

[0 0 5 8] ±j£©J;?t::, vhUyirXttlC. 

n * * u * E?a b at, «fl:*iai £ a * 

40 *SSti-5«dSo*i«]lcd:0, Bfao*|niK:ia]tt*ct*» 
[0059] vh'jy^^«fcEwanfc«tt» 

mbii!!UwS^mb«oss£sg-rt#ic, ^-cDait^R/^ 

b, B£/WX«X£8ILfc£*0!>. «*tiJHSlO«£E 
50 [0 0 6 0] (Stfifll) ««AO/h3H»lBttll 
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ttTFe, fiaB*0*9H!ll2Btti2tLTCo, 
iSI3ibTDLC$fflK Fe (50nm)/DLC 
(2 m) /Co (5 Onm) ©»«tt h>*;H*££«tt 
WK^'Jjfc^fcfeabfc. 0 9(1 &B£tth>*;H£ 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation . 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1] It is the magnetic-thin- film memory device which has the 1st magnetic layer and the 2nd 
magnetic layer with an parallel easy axis by which the laminating was carried out on both sides of 
the insulating layer, and is characterized by the coercive force of this 2nd magnetic layer having the 
part from which it is larger than the coercive force of this 1st magnetic layer, and the tunnel effect is 
acquired between this 1st magnetic layer and this 2nd magnetic layer. 

[Claim 2] The magnetic-thin-film memory device characterized by using diamond-like carbon as an 
ingredient of an insulating layer in a magnetic-thin-film memory device according to claim 1. 
[Claim 3] The magnetic-thin-film memory device characterized by using poly paraxylene as an 
ingredient of an insulating layer in a magnetic-thin-film memory device according to claim 1 . 
[Claim 4] The magnetic-thin-film memory device characterized by using the oxide which contains 
aluminum as an ingredient of an insulating layer in a magnetic-thin-film memory device according to 
claim 1 . 

[Claim 5] Magnetic-thin-film memory to which said magnetic-thin-film component compared with 
the storage element part in which one of magnetic-thin-film memory devices according to claim 1 to 
4 was arranged in the shape of a matrix in length or a longitudinal direction is characterized by 
having two write-in lines which were connected to the serial, and which read and were formed in the 
direction perpendicular to a direction parallel to a line and this read-out line through the insulating 
material. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention starts the magnetic-thin-film memory which memorizes 
information by the difference in the magnetization direction, and relates to the magnetic-thin- film 
memory which reproduces the information by which magnetic recording was carried out especially 
according to the magnetic tunneling effectiveness. 
[0002] 

[Description of the Prior Art] As nonvolatile memory currently used for current and an information 
processor, there are a flash EEPROM, a hard disk drive unit, etc. In these nonvolatile memory, the 
thing of write-in time amount and read-out time amount to shorten has been an important technical 
problem with improvement in the speed of an information processor. 

[0003] The magnetic-thin-film memory device using giant magneto-resistance (GMR) is known as a 
technique effective in improvement in the speed of this nonvolatile memory. It is the phenomenon 
which this giant magneto-resistance does not show the magnetic-reluctance rate of change exceeding 
an anisotropy magneto-resistive effect (AMR), it does not depend for resistance on the include angle 
of a current and a field unlike AMR, but resistance becomes min when the magnetization direction 
of two magnetic layers with an parallel easy axis is the same direction, and becomes max in the case 
of hard flow (1 80-degree hard flow). 

[0004] In the nonvolatile memory using the above-mentioned giant magneto-resistance, information 
is memorized according to the magnetization direction of two magnetic layers which counter on both 
sides of a non-magnetic layer. There are a spin bulb mold which writes information in the magnetic 
layer from which the magnetization direction changes only by adding a weak field as nonvolatile 
memory using this giant magneto-resistance, and an induction ferry mold which writes information 
in the magnetic layer from which the magnetization direction does not change if a strong field is not 
added. 

[0005] [Spin bulb mold] There is a thing called spin bulb to memorize information to the magnetic 
layer from which the magnetization direction changes only by adding a weak field. Spin bulbs are 
the multilayers which combined the magnetic layer (henceforth a free layer) from which the 
magnetization direction changes freely in the magnetic layer (henceforth a pin layer) to which the 
magnetization direction was fixed, and an external magnetic field, and have the property that 
resistance differs by the case where they are the case where a pin layer and the free magnetization 
direction are the same directions, and hard flow. For example, the example of the magnetic thin film 
which carried out the laminating of magnetic layer NiFe / non-magnetic layer Cu / magnetic layer 
NiFe / the antiferromagnetism layer FeMn is shown in Phys.Rev.B, and 43 and 1297 (1991). In this 
magnetic thin film, the exchange anisotropy in a NiFe/FeMn interface is fixed and the magnetization 
direction of the magnetic layer (pin layer) which adjoined the antiferromagnetism layer can change 
the magnetization direction of the magnetic layer (free layer) of another side freely by adding a 
suitable external magnetic field. Therefore, if an external magnetic field is added and only the 
magnetization direction of a free layer is changed, the magnetization direction of two magnetic 
layers can be made into the same direction or hard flow. 

[0006] What was shown in USP-5,343,422 is known as a magnetic-thin-film memory device using 
this spin bulb film. In this magnetic-thin-film memory device, the written-in information is read by 
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the magnetization direction of two magnetic layers writing in binary "0" and "1" as two conditions of 
the same direction or hard flow, and detecting the difference in the resistance in both conditions. 
When reading the difference in the resistance in both the above-mentioned conditions this type of 
case, while passing the current to the magnetic-thin-film memory device, it was difficult to read the 
information which needs to add an external magnetic field, may change after the information (the 
magnetization direction of a free layer) currently written in by this external magnetic field reads, and 
is written in by un-destroying. 

[0007] The example of the magnetic thin film of the induction ferry mold which carried out the 
laminating of the soft magnetism layer (software layer) set to [induction ferry mold] 
JpnJ.Appl.Phys.33(1994) L1668 from the high hard magnetism layer (hard layer) and high NiFeCo 
of the coercive force which consists of CoPt through the non-magnetic layer Cu is shown. In this 
magnetic thin film, when it is the case where the magnetization direction of a hard layer and a 
software layer is the same direction, and hard flow, that resistance changes. 

[0008] As a magnetic-thin-film memory device using this magnetic thin film, Jpn.J. Appl.Phys.Part2 
and the thing shown in 34 (1994)L415 are known. In this magnetic-thin-film memory device, since 
information is written in a hard layer, it can read, without destroying the information currently 
written in. 

[0009] Here, the case where it reads with the case where information is written in this magnetic-thin- 
film memory device is explained from drawing 12 with reference to the mimetic diagram of the thin 
film cross section shown in drawing 14 R> 4. 

[0010] Drawing 12 shows the case where information is written in this magnetic-thin-film memory 
device. As shown in this drawing, this magnetic-thin-film memory device consists of the software 
layer (magnetic layer) 41 and the hard layer (magnetic layer) 42 by which the laminating was carried 
out through the non-magnetic layer 43. Moreover, 10 is a write-in line which generates an external 
magnetic field, and the software layer 41 and the hard layer 42 are magnetized in the direction of the 
external magnetic field which generated the write-in line 10 according to the flowing current. And 
when it is drawing 12 (a) by which binary "0" and "1" are assigned in the two magnetization 
directions of the hard layer 42, Counterclockwise external magnetic field 10a occurs 
[ consequently ]. The magnetization direction of the software layer 4141a, The magnetization 
direction of the hard layer 42 is set to 42a, and, in (b), clockwise external magnetic field 10b occurs, 
consequently 41b and the magnetization direction of the hard layer 42 are set to 42b by the 
magnetization direction of the software layer 41. In addition, in writing, it is necessary to add the 
external magnetic field of sufficient reinforcement to change the magnetization direction of not only 
the software layer 41 but the hard layer 42. 

[001 1] Drawing 13 shows the case where the information written in by external magnetic field 10a 
of the counterclockwise rotation shown in drawing 12 (a) is read. Usually, in this order, weak 
external magnetic field 10b of a clockwise rotation as indicated the information written in the 
magnetic-thin-film memory device to be weak (magnetic field strength from which only the 
magnetization direction of the software layer 41 changes) external magnetic field 10a of a 
counterclockwise rotation when reading, as shown in drawing 13 (a) to (b) writes in so that it may be 
added to a magnetic-thin-film memory device, and it passes a current on a line 10. Under the present 
circumstances, Current Ir is passed on the read-out line 5 linked to a magnetic-thin-film memory 

device. . 
[0012] Here, since magnetization direction 41a of the software layer 41 and magnetization direction 
42a of the hard layer 42 become in the same direction when counterclockwise weak external 
magnetic field 10a is added, and magnetization direction 41b of the software layer 41 and 
magnetization direction 42a of the hard layer 42 become hard flow when clockwise weak external 
magnetic field 10a is added, the resistance of a magnetic-thin-film memory device changes with 
change of this external magnetic field from low resistance to high resistance. Therefore, the electrical 
potential difference V of the output side of a magnetic-thin-film memory device descends at the time 
of change of an external magnetic field. 

[0013] Drawing 14 shows the case where the information written in by external magnetic field 10b 
of the clockwise rotation shown in drawing 8 (b) is read. 

[0014] When weak external magnetic field 10a of a counterclockwise rotation as shown in (a) is 
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added here When magnetization direction 41a of the software layer 41 and weak external magnetic 
field 10a of a clockwise rotation as shown in (b) by magnetization direction 42b of the hard layer 42 
becoming hard flow are added Since magnetization direction 41b of the software layer 41 and 
magnetization direction 42b of the hard layer 42 become in the same direction, the resistance of a 
magnetic-thin-film memory device changes with change of this external magnetic field from high 
resistance to low resistance. Therefore, the electrical potential difference V of the output side of a 
magnetic-thin-film memory device rises at the time of change of an external magnetic field. 
[0015] As mentioned above, when changing the external magnetic field added more at a magnetic- 
thin-film memory device to change the current which flows the write-in line 10, a difference arises 
according to the magnetization direction of the hard layer 42 in fluctuation (a rise or descent) of the 
electrical potential difference V of the output side of a magnetic-thin-film memory device. 
Therefore, the information memorized as a magnetization direction of the hard layer 42 can be read 
by detecting fluctuation of this electrical potential difference V. 
[0016] 

[Problem(s) to be Solved by the Invention] However, in order to carry out the four or more layer 
laminating of the very thin magnetic layer of Thickness 10-200 A, and the conductive non-magnetic 
layers, such as Cu, structure and a production process became complicated, and the magnetic-thin- 
film memory device from which giant magneto-resistance is obtained had the high manufacturing 
cost. 

[0017] moreover, the memory device to which a memory device is arranged in the shape of a matrix, 
and is located in a line with length or a longitudinal direction by the usual magnetic-thin-film 
memory - reading - a line - a serial - connection - now, it is. The thickness of this memory device 
is very as thin as hundreds A, and since that resistance is high, when magnetic-thin-film memory is 
constituted and a current is passed on a read-out line, the power loss by generation of heat and 
generation of heat becomes large. Therefore, it was difficult to make [ many ] an element number 
and to enlarge capacity of memory. 

[0018] Then, it is proposed in view of this conventional actual condition, and structure consists of a 
simple three-tiered structure, there are few power losses at low resistance, and this invention aims at 
offering the magnetic-thin-film memory device in which large-capacity-izing is possible, and 
magnetic-thin-film memory. 

[0019] u- 
[Means for Solving the Problem] The magnetic-thin-film memory device concerning this invention 
has the 1st magnetic layer and the 2nd magnetic layer with an parallel easy axis by which the 
laminating was carried out on both sides of the insulating layer, the coercive force of this 2nd 
magnetic layer is larger than the coercive force of this 1st magnetic layer, and it is characterized by 
there being a part from which the tunnel effect is acquired between this 1st magnetic layer and this 
2nd magnetic layer. u a 

[0020] Moreover, the magnetic-thin-film memory device concerning this invention is characterized 
by using diamond-like carbon as an ingredient of the insulating layer inserted into the 1st magnetic 
layer of the above, and the 2nd magnetic layer. 

[0021] Moreover, the magnetic-thin-film memory device concerning this invention is characterized 
by using poly paraxylene as an ingredient of the insulating layer inserted into the 1st magnetic layer 
of the above, and the 2nd magnetic layer. 

[0022] Moreover, the magnetic-thin-film memory device concerning this invention is characterized 
by using the oxide which contains aluminum as an ingredient of the insulating layer inserted into the 
1st magnetic layer of the above, and the 2nd magnetic layer. 

[0023] Moreover, it is characterized by the magnetic-thin-film memory concerning this invention 
having two write-in lines by which said magnetic-thin-film component compared with the storage 
element part in which the magnetic-thin-film memory device of one of the above was arranged in the 
shape of a matrix in length or a longitudinal direction was connected to the serial and which read and 
were formed in the direction perpendicular to a direction parallel to a line and this read-out line 
through the insulating material. 
[0024] 

[Function] According to the magnetic-thin-film memory device concerning this invention, big 
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magnetic-reluctance rate of change (MR rate of change) can be obtained by the simple three-tiered 
structure. 

[0025] Moreover, since the current which flows an insulating layer according to the tunnel effect 
flows in the direction perpendicular to the stratification plane of an insulating layer, it can make 
small resistance of a magnetic-thin-film memory device. 

[0026] Moreover, when the oxide which uses diamond RAIKUKA-Bonn, the poly PARAKI 
silylene, or aluminum as a principal component is used as an ingredient of an insulating layer, the 
tunnel junction from which the tunnel effect is acquired can be formed easily. 

[0027] Moreover, according to the magnetic-thin-film memory using the magnetic-thin-film memory 

device concerning this invention, since it is a three-tiered structure with a simple memory device, 

magnetic-thin-film memory can be manufactured by the simple production process. 

[0028] Moreover, according to the magnetic-thin-film memory using the magnetic-thin-film memory 

device concerning this invention, resistance of a component is small, and in the condition of not 

impressing a field, since a component will be in a low resistance condition, while large capacity- 

ization of memory is attained, the magnetic-thin-film memory of a low power can be offered. 

[0029] 

[Example] 

The magnetic-thin-film memory device concerning [configuration of magnetic-thm-film memory 
device concerning this invention] this invention has the three-tiered structure which carried out the 
tunnel junction of the 1 st magnetic layer and the 2nd magnetic layer through the insulating layer, and 
uses the magnetic tunneling effectiveness of appearing between the 1st magnetic layer of the above, 
and the 2nd magnetic layer. Even if it separates a metal and a semi-conductor by the thin insulating 
layer and generally makes the potential barrier, conduction electron passes an insulating layer to 
some extent according to the tunnel effect. Moreover, since it depends for the electronic state of a 
ferromagnetic metal on spin, depending on whenever [ angular relation / of the magnetization 
direction of these magnetic layers ] for the tunnel effect which shows up between the 1st magnetic 
layer of the above and the 2nd magnetic layer is known (J. Magn.Magn.Mater.98(1991) L7-L9). And 
the magneto-resistive effect in such a part by which the tunnel junction was carried out is called 
magnetic tunneling effectiveness. 

[0030] Moreover, the easy axis of the 1st magnetic layer and the 2nd magnetic layer contributed to 
the above-mentioned magnetic tunneling effectiveness is parallel, and the coercive force of the 2nd 
magnetic layer is larger than the coercive force of the 1st magnetic layer. Therefore, only the 1st 
magnetic layer can change the magnetization direction of the both sides of the 1st magnetic layer and 
the 2nd magnetic layer by adjusting the reinforcement of the external magnetic field added to the 1st 
magnetic layer and the 2nd magnetic layer. 

[0031] And electric resistance becomes low according to the above-mentioned magnetic tunneling 
effectiveness at the time of the same direction, and the magnetization direction of the 1st magnetic 
layer and the 2nd magnetic layer becomes high at the time of hard flow (180-degree hard flow), 
therefore, the case (for example, when the magnetization direction is changed rightward from the 
left) where the magnetization direction of only the 1st magnetic layer is changed in fixed sequence 
by the external magnetic field - the magnetization direction of the 2nd magnetic layer - responding 
- electric resistance - the high resistance from low resistance - or it changes from high resistance to 
low resistance. 

[0032] Here, since the magnetization direction needs to change by the weakest possible external 
magnetic field, the smaller one of coercive force is good and the 1st magnetic layer is below 10 [Oe] 
more preferably below 50 [Oe]. It is because the current which generates a strong external magnetic 
field is needed when changing the magnetization direction, so it may malfunction by generation of 
heat and a noise increasing when magnetic-thin-film memory is constituted when it is larger than 50 
[Oe] to have made the range of coercive force below into 50 [Oe] here. In addition, although the 
magnitude of the coercive force of a magnetic layer can be set as predetermined magnitude by 
adjusting a presentation, thickness, and membrane formation conditions, as for thickness, it is 
desirable that it is 5-100nm. It is because the film becomes island-like, so electric resistance becomes 
high and is not desirable if thinner than 5nm. Moreover, Fe, NiFe, NiFeCo, etc. can be used as an 
ingredient of the 1st magnetic layer. 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 6/23/2005 



JP,09-091949,A [DETAILED DESCRIPTION] 



Page 5 of 12 



[0033] On the other hand, it is necessary to make coercive force of the 2nd magnetic layer larger 
than the coercive force of the 1st magnetic layer, and it is more than 100 [Oe] more preferably more 
than 50 [Oe]. It is because the magnetization direction may be disturbed under the effect of an 
external turbulence field etc. and memory may be destroyed, if it is smaller than 50 [Oe] to have 
carried out the range of coercive force to more than 50 [Oe] here. In addition, by adjusting a 
presentation, thickness, and membrane formation conditions, the magnitude of the coercive force of 
the 2nd magnetic layer can also be set as predetermined magnitude, and it is [ as well as the 1st 
magnetic layer ] desirable about thickness that it is 5-100nm. Moreover, Co, CoFe, CoPt, MnSb, etc. 
can be used as an ingredient of the 2nd magnetic layer. 

[0034] The difference of the coercive force of the 1st magnetic layer of the above and the 2nd 
magnetic layer is required for more than 20 [Oe], and is more than 100 [Oe] more preferably more 
than 50 [Oe]. It is because the permission fluctuation range of the current for generating the 
permission fluctuation range of the external magnetic field added in order to change only the 
magnetization direction of the 1st magnetic layer, i.e., this external magnetic field, when reading 
information will become small if having carried out the difference of coercive force to more than 20 
[Oe] here has the difference of coercive force smaller than 20 [Oe]. 

[0035] Moreover, in order to acquire the above-mentioned magnetic tunneling effectiveness, it is 
necessary to make thin to homogeneity thickness of the insulating layer inserted into the 1st 
magnetic layer of the above, and the 2nd magnetic layer, and the range of it is l-10nm more 
preferably l-20nm. It is because the tunneling effectiveness will not happen if thicker [ if it is thinner 
than lnm to have set the range of the thickness of an insulating layer to l-20nm here, a pinhole will 
increase and the uniform potential barrier will not be formed, but ] than 20nm. Therefore, although 
the oxide which uses diamond RAIKUKA-Bonn (henceforth DLC), the poly PARAKI silylene, and 
aluminum as a principal component is mentioned as an ingredient with which the ingredient with 
little generating of a pinhole etc. was needed and with which film thickness was also suitable for this 
as an ingredient of an insulating layer, it is desirable to use DLC or the poly PARAKI silylene. 
[0036] The case where information is written in the magnetic-thin-film memory device concerning 
[principle of operation of magnetic-thin-film memory device concerning this invention] this 
invention, and the case where it reads from a magnetic-thin-film memory device are explained from 
drawing 1 with reference to the mimetic diagram of the thin film cross section shown in drawin gj. . 
[0037] Drawing 1 shows the case where information is written in this magnetic-thin-film memory 
device. As shown in this drawing, this magnetic-thin-film memory device consists of the 1st 
magnetic layer 1 and the 2nd magnetic layer 2 by which the laminating was carried out through the 
insulating layer 3. Moreover, 10 is a write-in line which generates an external magnetic field, and the 
1st magnetic layer 1 and the 2nd magnetic layer 2 are magnetized in the direction of the external 
magnetic field which generated the write-in line 10 according to the flowing current. And binary "0 
and " 1 " are assigned in the magnetization direction of the 2nd magnetic layer 2. 
[0038] In the case of drawing 1 (a), by counterclockwise external magnetic field 10a occurring 
according to the current which flows the write-in line 10 consequently, la and the magnetization 
direction of the 2nd magnetic layer 2 are set to 2a, and, as for the magnetization direction of the 1st 
magnetic layer 1, in (b), clockwise external magnetic field 10b generates them, consequently, in lb 
and the magnetization direction of the 2nd magnetic layer 2, the magnetization direction of the 1st 
magnetic layer 1 becomes 2b. In addition, in writing, it is necessary to add the external magnetic 
field of sufficient reinforcement to change the magnetization direction of not only the 1st magnetic 
layer 1 but the 2nd magnetic layer 2. 

[0039] Drawing 2 shows the case where the information written in by external magnetic held lUa ot 
the counterclockwise rotation shown in drawing 1 (a) is read. Usually, in this order, weak external 
magnetic field 10b of a clockwise rotation as indicated the information written in the magnetic-thin- 
film memory device to be weak (magnetic field strength from which only the magnetization 
direction of the 1st magnetic layer 1 changes) external magnetic field 10a of a counterclockwise 
rotation when reading, as shown in drawing 2 (a) to (b) writes in so that it may be added to a 
magnetic-thin-film memory device, and it passes a current on a line 10. Under the present 
circumstances, Current Ir is passed on the read-out line 5 linked to a magnetic-thin-film memory 
device. 
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[0040] When counterclockwise weak external magnetic field 10a is added, here When magnetization 
direction la of the 1st magnetic layer 1 and magnetization direction 2a of the 2nd magnetic layer 2 
become in the same direction and add clockwise weak external magnetic field 10a Since 
magnetization direction lb of the 1st magnetic layer 1 and magnetization direction 2a of the 2nd 
magnetic layer 2 become hard flow, the resistance of a magnetic-thin-film memory device changes 
with change of this external magnetic field from low resistance to high resistance. Therefore, when it 
is made to change at the time of change of an external magnetic field, i.e., the current which flows 
the write-in line 10, the electrical potential difference V of the output side of a magnetic-thin-film 
memory device descends. 

[0041] Drawin g 3 shows the case where the information written in by external magnetic field 10b of 
the clockwise rotation shown in drawin g 1 (b) is read. 

[0042] When counterclockwise weak external magnetic field 10a is added, here When magnetization 
direction 2b of the 2nd magnetic layer 2 becomes magnetization direction la of the 1st magnetic 
layer 1 to hard flow and clockwise weak external magnetic field 10a is added Since magnetization 
direction lb of the 1st magnetic layer 1 and magnetization direction 2b of the 2nd magnetic layer 2 
become in the same direction, the resistance of a magnetic-thin-film memory device changes with 
change of this external magnetic field from high resistance-to low resistance. Therefore, the electrical 
potential difference V of the output side of a magnetic-thin-film memory device rises at the time of 
change of an external magnetic field. 

[0043] As mentioned above, when changing the external magnetic field added more at a magnetic- 
thin-film memory device to change the current which flows the write-in line 10, a difference arises 
according to the magnetization direction of the 2nd magnetic layer 2 in fluctuation of the electrical 
potential difference V of the output side of a magnetic-thin-film memory device. 
[0044] In addition, when an external magnetic field is removed and the magnetization direction of 
the 1st magnetic layer differs from the magnetization direction of the 2nd magnetic layer, the 
magnetization direction of the 1st magnetic layer returns in the same direction as the magnetization 
direction of the 2nd magnetic layer with larger coercive force than the 1st magnetic layer. Therefore, 
since all the components that are not adding the external magnetic field become low resistance when 
a magnetic-thin-film memory device is arranged in the shape of a matrix and magnetic- thin- film 
memory is constituted, power loss by generation of heat and generation of heat can be made small. 
[0045] Drawing 4 (a) shows fluctuation of the electrical potential difference V of the output side of 
the magnetic-thin-film memory device when passing the playback pulse current (b) and (c) indicated 
the current (henceforth playback pulse current) which changes from + side which flows a write-in 
line to - side to be to (a), when reading information. Here, as shown in (a) of this drawing, when the 
current which flows a write-in line changes from + side to - side, the external magnetic field added to 
a magnetic-thin-film memory device changes, that is, the time of the field of drawing 2 and the 
counterclockwise rotation shown in 3 occurring at the time of + side, and being - side - drawin g 2 
R> - the field of the counterclockwise rotation shown in 2 and 3 occurs. And at the time of this 
change, according to the magnetization direction of the 2nd magnetic layer, the electrical potential 
difference V of the output side of a magnetic-thin-film memory device rises, as shown at (b), or as 
shown in (c), it descends. Therefore, when reading information, the magnetization direction of the 
2nd magnetic layer can be judged by detecting the voltage variation produced on the read-out line 
which connects with a sink at a write-in line, and connects playback pulse current with the output 
side of a magnetic-thin-film memory device then. 

[0046] Moreover, when reading information, even if it passes only the current by the side of + as 
shown in drawing 4 (d), the magnetization direction of the 2nd magnetic layer can be judged. In this 
case, when reading information, only the field ( drawing 2 , field of the counterclockwise rotation 
shown in 3) by the current by the side of + is impressed to a magnetic-thin-film memory device. And 
when this current is passed, according to the magnetization direction of the 2nd magnetic layer, the 
electrical potential difference V of the output side of a magnetic-thin-film memory device is not 
changed, as shown in (e), or as shown in (c), it is changed (it falls). Therefore, when a current is 
passed, the magnetization direction of the 2nd magnetic layer can be judged by detecting whether 
voltage variation arises. 

[0047] In addition, since the two magnetization directions of the 2nd magnetic layer are assigned to 
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binary "0" and "1", a setup of the magnetization direction of the 2nd magnetic layer corresponds to 
the writing of the information on a magnetic-thin-film memory device, and detection of the 
magnetization direction of the 2nd magnetic layer corresponds to read-out of the information from a 
magnetic-thin-film memory device. 

[0048] The magnetic-thin-film memory concerning [magnetic-thin-film memory concerning this 
invention] this invention is explained with reference to drawing 8 from drawing 5 . 
[0049] Drawing 5 shows the top view (a) and its AA' sectional view (b) of the one-element part in 
magnetic-thin-film memory, and the laminating of the 1st magnetic layer 1 and the 2nd magnetic 
layer 2 linked to the read-out line 5 is carried out through the insulating layer 3. Here, the tunnel 
junction of the 1st magnetic layer 1 and the 2nd magnetic layer 2 is carried out, and the part which 
the 1st magnetic layer 1 and the 2nd magnetic layer 2 overlapped becomes the tunnel junction 
section. Moreover, coercive force of the 2nd magnetic layer 2 is made larger than the coercive force 
of the 1st magnetic layer 1. 

[0050] In addition, in the magnetic-thin-film memory device of this invention, since a current flows 
in the direction perpendicular to the film surface of an insulating layer 3 as shown in the arrow head 
8, resistance of a component becomes small, and generation of heat of a component can lessen the 
read-out current which flows the tunnel junction section. Moreover, formation of the component of 
subMIKURONO-DA - is attained, and it can large-capacity-ize memory. 

[0051] Moreover, the write-in line 10 is formed in the direction perpendicular to the easy axis 4 of 
the above-mentioned magnetic-thin-film memory device, and the write-in auxiliary line 20 is formed 
in the parallel direction. And the above-mentioned magnetic-thin-film memory device, the write-in 
line 10, and the write-in auxiliary line 20 are insulated by the insulator layer 7 and the insulator layer 
6. 

[0052] The magnetic-thin-film memory device is arranged in the shape of a matrix by the part with 
which drawing 6 indicates the top view (a) and its BB' sectional view (b) of magnetic-thin-film 
memory to be, and writes in with the write-in lines 1 1, 12, and 13, and the part and auxiliary lines 
21, 22, and 23 cross at right angles. Here, it connects with a serial in the direction of a read-out 
auxiliary line, and the magnetic-thin-film memory device forms the read-out line. For example, in 
the part shown in BB* cross section, the part by which the magnetic-thin-film memory devices 31, 
32, and 33 were connected to the serial becomes the read-out line 5. 

[0053] Thus, when write-in current sufficient when the magnetic-thin-film memory device is 
arranged in the shape of a matrix to change the magnetization direction of the 2nd magnetic layer of 
a magnetic-thin-film memory device to a write-in line is passed, all of the 1st magnetic layer and the 
2nd magnetic layer of the magnetic-thin-film memory which passed the write-in current and which 
wrote in and was arranged along with the line will be magnetized in the direction of the field 
generated according to the write-in current. That is, writing is altogether performed in the magnetic- 
thin-film memory which passed the write-in current and which wrote in and was arranged along with 
the line. Therefore, when a magnetic-thin-film memory device is arranged in the shape of a matrix, 
information cannot be written only with the current which flows one write-in line in making only the 
magnetization direction of some components of a magnetic-thin-film memory device turn to in the 
desired magnetization direction, i.e., some components. 

[0054] Here, when making only the magnetization direction of some components of the magnetic- 
thin-film memory device arranged in the shape of a matrix by writing in with a write-in line and 
passing a current to the both sides of an auxiliary line turn to in the desired magnetization direction 
that is, the case where information is written only in some components is explained with reference to 
drawing 7 and drawing 8 . 

[0055] In drawing 7 (a), Iwl shows the write-in current which flows the write-in line 10, and lw 
shows the write-in auxiliary current which flows the write-in auxiliary line 20. And Hwl shows the 
write-in auxiliary [ which wrote in, showed the field and generated Hw according to the write-in 
auxiliary current Iw ] field when it generated according to the write-in current Iwl . Here, both, since 
it is smaller than the coercive force of the 2nd magnetic layer of a magnetic-thin-film memory 
device, the write-in field Hwl and the write-in auxiliary field Hw cannot change the magnetization 
direction of the 2nd magnetic layer only by one field. However, it writes in with the write-in field 
Hwl, and since the synthetic field HI of the auxiliary field Hw is larger than the coercive force of 
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the 2nd magnetic layer, when it writes in with the write-in current Iwl and the both sides of the 
auxiliary current Iw are poured, the magnetization direction of the 2nd magnetic layer can be 
changed. 

[0056] Drawing 7 (b) shows the easy axis 4 of the write-in field Hwl, the write-in auxiliary field 
Hw, the synthetic field HI, and the 2nd magnetic layer 2. Here, since the synthetic field HI is larger 
than the coercive force of the 2nd magnetic layer 2, the 2nd magnetic layer 2 is magnetized by the 
synthetic field HI, and the magnetization direction Bl becomes in the direction of a component 
parallel to the easy axis 4 of the synthetic field HI. In addition, the write-in field Hwl generated 
according to the write-in current Iwl is almost parallel to the easy axis 4 of the 2nd magnetic layer 2, 
and since the write-in auxiliary field Hw generated according to the write-in auxiliary current Iw is 
almost perpendicular to the easy axis 4 of the 2nd magnetic layer 2, the magnetization direction Bl is 
decided by the write-in field Hwl Iwl, i.e., a write-in current. 

[0057] Drawing 8 (a) is written in in the direction contrary to the write-in current Iwl of drawingJZ , 
and is passing the current Iw2. Therefore, the direction of the write-in field Hw2 to generate also 
becomes in the direction contrary to the write-in field Hwl of drawing 7 . Therefore, as shown in (b), 
magnetization direction B-2 of the 2nd magnetic layer also becomes in the direction contrary to the 
magnetization direction Bl of drawing 7 . 

[0058] As mentioned above, in the shape of a matrix, when a magnetic-thin-film memory device is 
arranged, only the magnetization direction of the magnetic-thin-film memory device of the part can 
be changed by passing a current only to the write-in line and the write-in auxiliary line which pass 
along the part of the magnetic-thin-film memory device to which the magnetization direction wants 
to change. Moreover, the magnetization direction of a magnetic-thin-film memory device can turn a 
write-in line towards desired according to the direction of the flowing current. 
[0059] In reading the information written in the magnetic-thin-film memory device arranged in the 
shape of a matrix on the other hand While reading to the read-out line to which the magnetic-thin- 
film memory device to read was connected and passing a current The magnetization direction of the 
2nd magnetic layer which is the written-in information can be distinguished by detecting the voltage 
variation of a read-out line when passing a sink and playback pulse current for playback pulse 
current on the write-in line which passes along the part of the magnetic-thin-film memory device. 
[0060] (Example 1) Co was used as the 2nd large magnetic layer 2 of Fe and coercive force as the 
1st small magnetic layer 1 of coercive force, DLC was used as an insulating layer 3, and the 
ferromagnetic tunnel junction and magnetic-thin-film memory device of Fe(50nm)/DLC(2nm)/Co 
(50nm) were produced. Drawing 9 shows the perspective view (a) and mimetic diagram (b) of a 
sample which were produced in order to investigate the magnetic-reluctance curve of the 
ferromagnetic tunnel junction 9. In addition, the magnetic-reluctance curve was measured under the 
impression magnetic field 500 [Oe] by the direct-current 4 terminal method. Moreover, Fe/DLC/Co3 
layer membrane of the magnitude of 10mm angle was also produced, and the magnetization curve 
was investigated by VSM. 

[0061] The process which forms a ferromagnetic tunnel junction in below is explained. 

[0062] First, Fe layer was formed by 50nm of thickness on the glass substrate on the membrane 

formation conditions shown below by DC spatter. 

[0063] 

ultimate-pressure force 5x10-5 PaAr gas 10 SCCM membrane formation pressure 0.5 Pa injection 
power 100 W membrane formation rate 0.5 nm/sec - patterning of the Fe layer obtained in this way 
was carried out to the lmmxlOmm rectangle using ultra-fine processing technology, and it was used 
as the 1st magnetic layer 1 . 

[0064] Next, the DLC film was formed by 2nm of thickness on the 1st magnetic layer 1 on the 
membrane formation conditions shown below by the plasma-CVD method. 

[° 065 ] 

Ultimate-pressure force 3x10-3 Pa ethylene gas 10 SCCM membrane formation pressure 3 Pa 
injection power 100 W membrane formation rate Micro processing of the DLC film obtained by 
carrying out 10 nm/min **** was carried out to phi3mm, and it was made into the insulating layer 3. 

[0066] Then, this was again moved to DC sputtering system, and Co layer was formed by 50nm of 
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thickness on the following membrane formation conditions. 
[0067] 

ultimate-pressure force 5x10-5 PaAr gas 10 SCCM membrane formation pressure 0.5 Pa injection 
power 100 W membrane formation rate 0.5 nm/sec - patterning of the Co layer obtained in this way 
was carried out to the shape of a lmmxlOmm stripe with ultra-fine processing technology like the 
1st magnetic layer, the ferromagnetic tunnel junction 9 of Fe/DLC/Co whose plane-of-composition 
product is lmmxlmm was formed, and the magnetic-reluctance curve was investigated. 
[0068] Moreover, the lOmmxlOmm tunnel junction was formed by the same approach, and the 
magnetization curve was also investigated. Consequently, the magnetic-reluctance curve shown in 
drawing 10 and the magnetization curve by VSM shown in drawing 1 1 were obtained. Here, MR rate 
of change shown in drawing 10 was given by x(deltaR/R) 100 (R: resistance, the amount of 
deltaR:resistance value changes), and 12% of MR rate of change was obtained below by the 
impression magnetic field 100 [Oe] by the sample of this example. 

[0069] The magnetic-thin-film memory device as shown in drawing 5 using this Fe/DLC/Co 
ferromagnetism tunnel junction was produced at the process as follows. 

[0070] First, after forming Fe layer by 50nm of thickness, impressing the magnetic field of 500 [Oe] 
in the direction which forms the read-out line on a glass substrate, patterning was carried out to the 
2micrometerxl0micrometer rectangle using ultra-fine processing technology, and it considered as 
the 1st magnetic layer 1. Thus, the easy axis of the formed magnetic layer becomes parallel to the 
direction of the impressed magnetic field by forming membranes, impressing a magnetic field. 
[0071] Next, on the 1st magnetic layer 1, the diamond RAIKUKA-Bonn (DLC) film was formed 
2nm of thickness, and carried out micro processing, and it considered as the insulating layer 3. 
[0072] Then, after forming Co layer by 50nm of thickness, having moved this to DC sputtering 
system again, and impressing the same magnetic field as the case of Fe layer, patterning was carried 
out to the shape of a ImicrometerxlOmicrometer stripe with ultra-fine processing technology, and it 
considered as the 2nd magnetic layer 2. The plane-of-composition product formed the tunnel 
junction of Fe/DLC/Co which is lmicrometerx3micrometer according to the above process. 
[0073] Next, the Cr(5nm)/Au(200nm)/Cr (5nm) film was read, and it formed as a line 5 so that it 
might connect with the 1st magnetic layer 1 and the 2nd magnetic layer 2. 

[0074] Then, after forming the insulator layer 7 which consists of an alumina 200nm of thickness by 
RF spatter, the Cr(5nm)/Au(200nm)/Cr (5nm) film was formed again, and it read to the upper part of 
the tunnel junction section, and patterning was carried out to band-like, it wrote in in the direction 
parallel to a line 5, and the auxiliary line 20 was formed. Furthermore, the write-in line 10 by which 
patterning was carried out to band-like was formed in the direction which writes in with the insulator 
layer 6 which consists of an alumina of 200nm of thickness, and carries out a right angle to an 
auxiliary line 20 by the same approach, and it considered as the magnetic-thin-film memory device. 
[0075] In this way, when the check of the obtained magnetic-thin-film memory of operation was 
performed, writing and read-out were able to be performed normally. That is, at the time of writing, 
desired voltage variation was able to be obtained from the read-out line by passing playback pulse 
current at the time of read-out by magnetizing the 1st magnetic layer 1 and the 2nd magnetic layer 2 
of a magnetic-thin-film memory device in the direction of the field generated according to the write- 
in current. 

[0076] (Example 2) By the same approach as an example 1, the ferromagnetic tunnel junction ot the 
film configuration of a publication was produced to Table 1, the magnetic-reluctance curve was 
investigated, and the obtained magnetic-reluctance rate of change was shown in Table 1. As shown 
in this table, it has checked that 5 - 25% of MR rate of change was obtained also about which 

sample. . . 

[0077] Next, when the magnetic-thin-film memory device using these ferromagnetic tunnel junctions 
was produced and the check of operation was performed like the example 1, writing and read-out 
were able to be performed normally. 

[0078] The ferromagnetic tunnel junction which made the diamond RAIKUKA-Bonn film the 
insulating layer with the film configuration given in Table 1 by the approach with the same said of a 
comparison sample was produced, the magnetic-reluctance curve was investigated, and the obtained 
magnetic-reluctance rate of change was shown in Table 1. As shown in this table, neither of the 
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comparison samples was obtained only for 0.1 - 0.2% of MR rate of change. Since a uniform 
insulating layer is not formed as this reason when insulating thickness is as thin as lnm, a pinhole 
increases, and it thinks because an electric bridge will be formed between two magnetic layers. 
Moreover, when insulating thickness is as thick as 30nm, it thinks because tunnel current will be 
scattered about. 

[0079] Next, when the magnetic-thin-film memory device using the ferromagnetic tunnel junction of 
a comparison sample was produced and the check of operation was performed like the above- 
mentioned sample, it did not operate normally. 
[0080] 
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[0081] (Example 3) By the same approach as an example 1, the ferromagnetic tunnel junction which 
made the poly PARAKI silylene the insulating layer was produced with the film configuration given 
in Table 2, the magnetic-reluctance curve was investigated, and the obtained magnetic-reluctance 
rate of change was shown in Table 2. As shown in this table, it has checked that 6 - 13% of MR rate 
of change was obtained also about which sample. 

[0082] In addition, the poly PARAKI silylene film was produced by the following approaches here. 
First, after evaporating the JIPARA xylylene of a raw material at about 150 degrees C under a 
vacuum, it pyrolyzed at 600 degrees C in the furnace, and the poly PARAKI silylene film was 
produced by reaction pressure 20mTorr at the membrane formation room. The membrane formation 
rate formed Parylene N and Parylene C of Union Carbide by 10 nm/min as poly PARAKI silylene. 
[0083] Next, when the magnetic-thin-film memory device using these ferromagnetic tunnel junctions 
was produced and the check of operation was performed like the example 1, writing and read-out 
were able to be performed normally. 

[0084] The ferromagnetic tunnel junction which made the insulating layer the poly PARAKI silylene 
or polo monochrome PARAKI silylene with the film configuration given in Table 2 by the approach 
with the same said of a comparison sample was produced, the magnetic-reluctance curve was 
investigated, and the obtained magnetic-reluctance rate of change was shown in Table 2. As shown 
in this table, neither of the comparison samples was obtained only for 0.1 - 0.3% of MR rate of 
change. Since a uniform insulating layer is not formed as this reason when insulating thickness is as 
thin as lnm, a pinhole increases, and it thinks because an electric bridge will be formed between two 
magnetic layers. Moreover, when insulating thickness is as thick as 25nm, it thinks because tunnel 
current will be scattered about. 

[0085] Next, when the magnetic-thin-film memory device using the ferromagnetic tunnel junction ot 
a comparison sample was produced and the check of operation was performed like the above- 
mentioned sample, it did not operate normally. 
[0086] 
[Table 2] 
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[0087] (Example 4) By the same approach as an example 1, the ferromagnetic tunnel junction which 
made aluminum 203 the insulating layer was produced with the film configuration given in Table 3, 
the magnetic-reluctance curve was investigated, and the obtained magnetic-reluctance rate of change 
was shown in Table 3. As shown in this table, it has checked that 13 - 20% of MR rate of change was 
obtained also about which sample. 

[0088] In addition, after 20aluminum3 insulating layer produced aluminum metal membrane by the 
spatter, in atmospheric air, natural oxidation of it was carried out for 24 hours, and it was formed 
here. 

[0089] Next, when the magnetic-thin-film memory device using these ferromagnetic tunnel junctions 
was produced and the check of operation was performed like the example 1, writing and read-out 
were able to be performed normally. 

[0090] The ferromagnetic tunnel junction which made aluminum 203 the insulating layer with the 
film configuration given in Table 3 by the approach with the same said of a comparison sample was 
produced, the magnetic-reluctance curve was investigated, and the obtained magnetic-reluctance rate 
of change was shown in Table 3. As shown in this table, by the comparison sample, only 0.2% of 
MR rate of change was obtained. As this reason, since the insulating layer is as thin as lnm, a 
pinhole increases, and it thinks because a bridge is electrically made between up-and-down magnetic 

layers. . • * 

[0091] Next, when the magnetic-thin-film memory device using the ferromagnetic tunnel junction ot 
a comparison sample was produced and the check of operation was performed like the above- 
mentioned sample, it did not operate normally. 
[0092] 





FesoCoso 


fnra) _ 

2 0 


mmttm 


mimmm 

(nm) 


mm 


(am) 


t%) 


t*»10 ~ 


Co 


40 


A1203 


3 1 


13 


tmn 


FesoCoso 


50 


Fe 


40 


AfaOs 


3 


20 




FesoCoso 


20 


Co 


40 


AI2Q5 


1 


0.2 



[0093] Moreover, as a result of investigating resistance of the magnetic-thin-film memory device 
produced in the examples 1-3, it was very as low as l-5ohm. This value is as low as 1/10 or less [ of 
resistance of the spin bulb structure GMR memory device of the same magnitude ]. 
[0094] as mentioned above - according to [ so that clearly ] this invention -- the very simple three- 
tiered structure of a magnetic layer / insulating layer / magnetic layer - having - and - low - a 
magnetic-thin- film memory device [****] can be offered. 
[0095] 

[Effect of the Invention] Since the magnetic-thin-film memory device concerning this invention can 
obtain big MR rate of change by the simple three-tiered structure as explained above, it can form a 
magnetic-thin-film memory device by low cost. 

[0096] Moreover, resistance of a magnetic-thin-film memory device can be made small, and 
generation of heat in a component can be lessened. 

[0097] Moreover, when the oxide which uses diamond RAIKUKA-Bonn, the poly PARAKI 
silylene, or aluminum as a principal component is used as an ingredient of an insulating layer, the 
tunnel junction from which the tunnel effect is acquired can be formed easily. 
[0098] Moreover, without forming a very thin magnetic layer, an electric conduction non-magnetic 
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layer, etc., only by the simple production process, since magnetic-thin-film memory can be 
manufactured, a manufacture yield can be raised. 

[0099] Moreover, the magnetic-thin-film memory device concerning this invention has small 
resistance, and it can offer the magnetic-thin-film memory of a low power while large capacity- 
ization of memory is attained, since it will be in a low resistance condition in the condition of not 
impressing a field. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a sectional view for explaining the write-in actuation to the magnetic-thin-film 
memory device concerning this invention. 

[Drawing 2) It is a sectional view for explaining the read-out actuation to the magnetic-thin- film 
memory device concerning this invention. 

[Drawin g 31 It is a sectional view for explaining the read-out actuation to the magnetic-thin- film 
memory device concerning this invention. 

[Drawing 4] It is the wave form chart having shown the voltage variation which reads according to 
the current wave form of playback pulse current, and playback pulse current, and is produced on a 
line. 

[Drawin g 5] It is the top view and sectional view having shown the structure of the magnetic-thin- 
film memory device concerning this invention. 

[Drawing 61 It is the top view and sectional view having shown the configuration of the magnetic- 
thin- film memory concerning this invention. 

[Drawing 7] It is an explanatory view for explaining the write-in actuation to the component which 
constitutes the magnetic-thin- film memory concerning this invention. 

[Drawin g 8] It is an explanatory view for explaining the write-in actuation to the component which 
constitutes the magnetic-thin-film memory concerning this invention. 

[Drawin g 9] It is the perspective view and top view having shown the sample of a tunnel junction. 
[Drawing 101 It is the graph which showed the magnetic-reluctance curve in the tunnel junction of an 
example 1 . 

[Drawing 111 It is the graph which showed the magnetization curve in the tunnel junction ot an 

example 1 . . 
[Drawing 121 It is a sectional view for explaining the write-in actuation to the conventional 

magnetic-thin-film memory device. 

[Drawing 1 31 It is a sectional view for explaining the read-out actuation to the conventional 
magnetic-thin-film memory device. 

[Drawin g 141 It is a sectional view for explaining the read-out actuation to the conventional 
magnetic-thin-film memory device. 
[Description of Notations] 

1 1st Magnetic Layer 

2 2nd Magnetic Layer 

3 Insulating Layer 

4 Easy Axis 

5 Read-out Line 

6 Seven Insulator layer 
10, 11, 12, 13 Write-in line 

20, 21, 22, 23 Write-in auxiliary line 
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DRAWINGS 




(b) 

[Drawing 31 
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[Drawing 5] 
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[Drawing 6] 
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[Drawing 7] 



Jlwl 



-10 



Hw 



-20 



Hw 




(b) 

[Drawin g 81 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



6/23/2005 



JP,09-091949,A [DRAWINGS] 



-10 



\Iw2 



Hw2 



-20 



(a) 



(b) 



[Drawing 9] 
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[Drawing 13] 
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[Procedure revision] 

[Filing Date] May 24, Heisei 12 (2000. 5.24) 

[Procedure amendment 1] 

[Document to be Amended] Specification 

[Item(s) to be Amended] Claim 

[Method of Amendment] Modification 

[Proposed Amendment] 

[Claim(s)] 

[Claim 1] It is the magnetic-thin-film memory device which has the 1st magnetic layer and the 2nd 
magnetic layer with an parallel easy axis by which the laminating was carried out on both sides of 
the insulating layer, and is characterized by the holding power of this 2nd magnetic layer having the 
part from which it is larger than the holding power of this 1st magnetic layer, and the tunnel effect is 
acquired between this 1st magnetic layer and this 2nd magnetic layer. 

[Claim 2] It is the magnetic-thin-film memory device characterized by the difference of the holding 
power of said 1st magnetic layer and said 2nd magnetic layer being 20 or more Oes in a magnetic- 
thin-film memory device according to claim 1 . 

[Claim 3] The magnetic-thin-film memory device characterized by having a write-in line for writing 
in information, and a read-out line for reading the written-in information further in a magnetic-thin- 
film memory device according to claim 1 or 2. 

[Claim 4] The storage element part from which the magnetic-thin-film memory device according to 
claim 1 or 2 was arranged in the shape of a matrix and which it consisted of, 

The read-out line which connects to a serial said magnetic-thin-film memory device arranged in the 
one direction, 

Magnetic-thin-film memory characterized by having two write-in lines formed in the condition of it 
having been arranged in the direction perpendicular to a direction respectively parallel to said read- 
out line, and having insulated mutually. 
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[Procedure amendment 2] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0020 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0020] Moreover, the magnetic-thin-film memory device concerning this invention is characterized 

by the difference of the holding power of the 1st magnetic layer of the above and the 2nd magnetic 

layer of the above being 20 or more Oes. 

[Procedure amendment 3] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0021 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0021] Moreover, the magnetic-thin-film memory device concerning this invention is characterized 

by having a write-in line for writing in information, and a read-out line for reading the written-in 

information further. 

[Procedure amendment 4] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0022 

[Method of Amendment] Deletion 

[Procedure amendment 5] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0023 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0023] Moreover, the magnetic-thin-film memory concerning this invention is characterized by to 

have the storage element part from which the magnetic-thin-film memory device concerning this 

invention was arranged in the shape of a matrix and which it consisted of, the read-out line which 

connects to a serial said magnetic-thin-film memory device arranged in the one direction, and two 

write-in lines formed in the condition it has been arranged in the direction perpendicular to a 

direction respectively parallel to said read-out line, and insulated mutually. 

[Procedure amendment 6] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0052 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0052] The magnetic-thin-film memory device is arranged in the shape of a matrix by the part with 
which drawing 6 indicates the top view (a) and its BB'sectional view (b) of thin film magnetism 
memory to be, and writes in with the write-in lines 1 1, 12, and 13, and the part and auxiliary lines 
21, 22, and 23 cross at right angles. Here, the magnetic-thin-film memory device put in order m the 
direction of a write-in auxiliary line is connected to the serial through the read-out line 5 . For 
example, in the part shown in BB'cross section, the part which connects the magnetic-thin-film 
memory devices 31, 32, and 33 to a serial reads, and it becomes a line 5. 
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